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(54) A contact for indium semiconductor devices incorporating gold solders 



(57) The invention provides a semiconductor de- 
vice, comprising a substrate comprising indium, an 
ohmic contact layer on the substrate, an indium diffusion 
barrier layer over the ohmic contact layer, and a layer 



selected from the group consisting of gold solder, gold 
solder precursor and mixtures thereof over the indium 
diffusion barrier layer and a method for making such a 
device. 
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Description 

[0001] The invention relates to indium-containing 
semiconductor devices. 

[0002] Manufacturing of semiconductor devices often 
involves a process called "step soldering." In step-sol- 
dering, assemblies are built-up by using solders with se- 
quentially lower melting points, so that a solder joint 
made early in the process does not melt and reflow dur- 
ing subsequent operations. The highest melting temper- 
ature solders used in electronic manufacture are gold 
based, such as gold-tin and gold-germanium solders. 
Gold solders are used at the semiconductor substrate 
fabrication step so to prevent solder reflow when a de- 
vice containing the gold solder is then soldered to : for 
example, a printed circuit board with lead -tin solder, 
which has a lower melting point than gold-based solder. 
There is a problem however when the semiconductor 
substrate contains indium. Indium rapidly diffuses and 
forms a high melting point intermetallic compound when 
it combines with gold. The melting point is higher than 
that of gold-based solder. In the presence of gold, and 
the heat of soldering, indium can diffuse into the gold 
and raise the melting point of the gold solder to the point 
where the temperature required to melt the solder is del- 
eteriously high, such as high enough to overdiffuse the 
device junctions and to degrade device performance. 
[0003] This invention provides a semiconductor de- 
vice, comprising a substrate comprising indium, an 
ohmic contact layer on the substrate, an indium diffusion 
barrier layer over the ohmic contact layer, and a layer 
selected from the group consisting of gold solder, gold 
solder precursor and mixtures thereof over the indium 
diffusion layer. In another aspect this invention also pro- 
vides a method for making such a device. 
[0004] The invention is best understood from the fol- 
lowing detailed description when read in connection with 
the accompanying drawing. It is emphasized that, ac- 
cording to common practice in the semiconductor indus- 
try, the various features of the drawing are not to scale. 
On the contrary, the dimensions of the various features 
are arbitrarily expanded or reduced for clarity. Included 
in the drawing are the following figures: 

Fig. 1 is a cross-sectional view of a prior art gold 
solder contact on an InP substrate; 
Fig. 2 is a cross-sectional view of a gold-based con- 
tact on an InP substrate with an indium diffusion 
barrier between the substrate and the gold-solder 
contact, for one embodiment of the invention. 
Fig. 3 is a cross-sectional view of a gold-based con- 
tact on an InP substrate with an indium diffusion 
barrier between the substrate and the gold-solder 
contact, for another embodiment of the invention. 

[0005] The present invention overcomes the limita- 
tions of the prior art by, for example, interposing a barrier 
layer between a substrate containing indium and gold 
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solder, the barrier layer inhibiting the diffusion of indium 
into the gold solder. 

[0006] Referring now to the drawing, wherein like ref- 
erence numerals refer to like elements throughout, Fig. 
5 1 is a cross-sectional view of a prior art gold solder con- 
tact 3, 5, 7 on an indium containing substrate 1 , in this 
example the substrate is indium phosphide. What is ac- 
tually illustrated in this example is not gold solder, al- 
though it is also often used, but stack up of a gold layer 
10 3 } a tin layer 5 and a second gold layer 7, that forms a 
gold solder precursor, which, upon heating to soldering 
temperature, alloys to form gold-tin solder. Unfortunate- 
ly, indium from the substrate 1 can diffuse into the gold 
layer 3 and the resulting gold solder to undesirably in- 
*5 crease the melting point of the solder. 

[0007] Figure 2 shows, for one embodiment of the in- 
vention that by first depositing an ohmic contact layer 9, 
in this embodiment gold, and then covering it with an 
indium diffusion barrier, in this embodiment, a layer 11 
of titanium and a layer 1 3 of platinum, diffusion of indium 
is inhibited, resulting in minimizing an undesirable in- 
crease in the melting point of the gold layer 3 and the 
resulting gold solder (not shown). In this way, any gold 
in the ohmic contact, which is not required to melt, is 
exposed to indium, while the gold solder or gold solder 
precursor melts with reduced influence from the indium. 
[0008] It is desired that the materials comprising the 
diffusion barrier have melting points higher than that of 
gold solder and good adhesion to the ohmic contact lay- 
er 9 and the gold layer 3. Materials that may be used in 
contact with the ohmic contact layer 9 are chromium, 
nickel, tungsten and molybdenum. Titanium is pre- 
ferred. Materials that may be used in contact with the 
gold layer 3 or prealloyed gold solder (not shown in the 
embodiment of Fig. 2) include nickel, palladium, molyb- 
denum and tungsten. Platinum is preferred. Note that 
some metals appear in both list, and may be used as 
single-layer indium diffusion barriers. 
[0009] Figure 3 shows a preferred embodiment of the 
invention. A layer of material that forms a gold solder 
upon melting, such as tin or germanium, is deposited 
upon the ohmic contact layer 9. Also, when material ca- 
pable of forming tin alloys are used in contact with the 
gold solder (not shown) or gold solder precursor stack 
3. 5, 7, a metal layer 17 with reduced tendency to alloy 
with tin or germanium, titanium is preferred, is deposited 
adjacent to the gold precursor stack 3, 5, 7. 
[0010] The substrate 1 may be any lll-V semiconduc- 
tor comprising indium. These include indium arsenide 
and indium antimonide. Indium phosphide is preferred. 
The indium containing Ili-V semiconductor may further 
comprise aluminum and gallium. 
[0011] The preferred material of the ohmic contact 
layer 9 is a material that does not form a diode junction 
with the indium containing lll-V semiconductor of inter- 
est. Gold is particularly preferred. 
[0012] The gold solder may be a prealloyed gold sol- 
der or it may be provided as a stack up of layers of met- 
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als comprising the metals that make up the desired gold 
solder alloy. The gold solder may also be provided as a 
paste of gold solder powder in flux. Gold solders such 
as gold-germanium may be used. Gold-tin solder or a 
stack up of gold tin gold layers is particularly preferred. 
[0013] Deposition of the ohmic contact layer, the indi- 
um barrier layer(s), and the gold solder or gold solder 
precursor layers may be accomplished by any conven- 
tional means such as evaporation, sputtering, chemical 
vapor deposition and the like. Note that gold solder 
paste may be deposited by dot dispensing equipment. 



Claims 

1 . A semiconductor device, comprising: 

a semiconductor substrate containing indium; 
and 

at least one solder layer selected from the 
group consisting of gold solder, gold solderpre- 
cursor and mixtures thereof 

characterised in that intermediate the sub- 
strate and solder layer, the device comprises: 



depositing at least one layer selected from the 
group consisting of gold solder, gold solder pre- 
cursor and mixtures thereof over the indium dif- 
fusion barrier layer. 

5 

7. The method of claim 6, wherein the indium diffusion 
barrier layer deposition step comprises depositing 
a first layer selected from the group consisting of 
titanium, chromium, nickel, tungsten and molybde- 
10 num over the ohmic contact layer and depositing a 
second layer selected from the group consisting of 
platinum, nickel, palladium, molybdenum and tung- 
sten over the first layer. 

15 8. The method of claim 6 or 7, wherein the ohmic con- 
tact layer is gold. 

9. The method of claim 6, 7 or 8, wherein the gold sol- 
der is at least one of gold tin solder and gold ger- 
manium solder. 

10. The method of any one of claims 6 to 9, further com- 
prising the step of depositing on the ohmic contact 
a layer of material capable of forming a gold solder 
when alloyed with gold and which is selected from 
the group consisting of germanium and tin. 
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an ohmic contact layer on the substrate; and 
an indium diffusion barrier layer over the ohmic 
contact layer and below the solder layer. 

30 

2. The device of claim 1 , wherein the indium diffusion 
barrier layer comprises a first layer selected from 
the group consisting of titanium, chromium, nickel, 
tungsten and molybdenum over the ohmic contact 
layer and a second layer selected from the group 35 
consisting of platinum, nickel, palladium^ molybde- 
num and tungsten over the first layer. 

3. The device of claim 1 or 2. wherein the ohmic con- 
tact layer is gold. 40 

4. The device of claim 1 , 2 or3, wherein the gold solder 
is at least one of gold tin soiderand gold germanium 
solder. 

45 

5. The device of any preceding claim, wherein a layer 
of material capable of forming a gold solder when 
alloyed with gold is deposited on the ohmic contact 
and is selected from the group consisting of germa- 
nium and tin. 50 

6. A method of making a semiconductor device, the 
method comprising: 

depositing an ohmic contact layer on a semi- 55 
conductor substrate containing indium; 
depositing an indium diffusion barrier layer over 
the ohmic contact layer; and 
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